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1. Introduction
Smoking has consistently been reported as the number one 
preventable cause of premature death in the United States 
([McGinnis and Foege, 1993] and [Mokdad et al., 2004]). Ap-
proximately 440,000 people die each year due to smoking-re-
lated diseases (CDC, 2005), and more than $75 billion in an-
nual medical costs are directly attributed to smoking. In spite 
of these facts, in the U.S., 21% of adults are considered current 
smokers (CDC, 2005). Most smokers (ca. 70%) express a desire 
to quit (CDC, 2005) and approximately 40% report attempting 
to quit at least once in the past 12 months (CDC, 2005). Unfor-
tunately, of those individuals that manage to quit, most relapse 
within the fi rst few months of abstinence (NIDA, 2006). Al-
though the processes responsible for tobacco use and nicotine 
dependence are complex, there is general consensus that the re-
warding effects of nicotine are likely involved (see [Stolerman, 
1991] and [Stolerman and Jarvis, 1995]). As such, a better un-
derstanding of the factors mediating the chronic use of tobacco 
products will require a better understanding of the behavioral 
and neurobiological processes of nicotine reward.
Place conditioning is a widely used pre-clinical model to 
study the rewarding properties of drugs in rats and mice [for 
reviews see Bevins and Bardo (2000) and Tzschentke (1998)]. 
In a typical place conditioning experiment, one distinct context 
(environment) is paired with the drug of interest; the subject 
also receives equal exposure to a second distinct context in the 
absence of drug. Following this conditioning phase is a choice 
test in which the animal receives free access to both sets of con-
textual cues—usually in a drug-free state. The drug is consid-
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Abstract
The rewarding effects of nicotine contribute to the chronic use of tobacco products. The place conditioning task, a widely 
used pre-clinical model to study drug reward, has lead to mixed results in rats when nicotine was administered subcutane-
ously or intraperitoneally; intravenously administered nicotine has not been examined. Further, much of the research dem-
onstrating a nicotine-conditioned place preference in rats has used a biased design making these results susceptible to non-
reward interpretations. The present study assessed whether intravenous (IV) nicotine would condition a place preference in 
an unbiased design and evaluated important behavioral parameters: nicotine dose, number of conditioning trials, and infu-
sion-to-placement interval. In adult male Sprague Dawley rats, IV nicotine (0.03 mg/kg) conditioned a place preference af-
ter 8 conditioning trials. This conditioned preference was observed whether nicotine was infused 10 min before or imme-
diately after placement in the paired environment for 10 min; infusing nicotine immediately after removal from the paired 
environment did not condition a preference after 4 or 8 conditioning trials. Four conditioning trials were not suffi cient 
to condition a preference regardless of the temporal relation between the paired environment and 0.03 mg/kg nicotine. A 
0.01 mg/kg dose of nicotine did not condition a place preference after 4 or 8 trials when infused immediately upon place-
ment in the paired environment. Intravenous nicotine (0.03 mg/kg) has rewarding effects in an unbiased design suggest-
ing that the place conditioning protocol used in the present study might be an especially useful model for studying the pro-
cesses underlying the conditioned rewarding effects of nicotine. 
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ered rewarding if it produces an increase in the time spent in the 
environment paired with the drug compared to a control value 
[see Bevins and Cunningham (2006) for a more detailed discus-
sion of methodological and measurement issues]. This increase 
in time in the drug-paired compartment is often referred to as a 
“conditioned place preference” and is thought to refl ect a Pav-
lovian conditioned association between contextual stimuli and 
the rewarding effects of the drug (cf. [Bardo and Bevins, 2000], 
[Carr et al., 1989] and [Panksepp et al., 2004]).
Most drugs of abuse, such as amphetamine ([Erb and Parker, 
1994] and [Lett, 1989]), cocaine ([Bevins and Bardo, 2000], 
[Bevins, 2005], [Nomikos and Spyraki, 1988] and [O’Dell et al., 
1996]), ethanol (Cunningham et al., 1997), methamphetamine 
([Cunningham and Noble, 1992] and [Gehrke et al., 2003]), and 
morphine ([Lett, 1989] and [Randall et al., 1998]), readily con-
dition a place preference in rodents. Surprisingly, however, the 
results are less consistent with nicotine. Although the literature is 
mixed for rats and mice, the present research used rats and thus 
we will focus our discussion to the published research with rats 
[see Grabus et al. (2006) and Risinger and Oakes (1995) for re-
search with mice]. Using rats some investigators have found that 
nicotine will condition an increase in time spent in the paired 
environment ([Ashby et al., 2002], [Calcagnetti and Schech-
ter, 1994], [Dewey et al., 1999], [Forget et al., 2005], [Forget 
et al., 2006], [Fudala et al., 1985], [Fudala and Iwamoto, 1986], 
[Horan et al., 1997], [Horan et al., 2001], [Shoaib et al., 1994] 
and [Shram et al., 2006]). In contrast, other researchers have re-
ported either avoidance (i.e., an aversion) of the nicotine-paired 
environment ([Fudala and Iwamoto, 1987], [Horan et al., 1997] 
and [Jorenby et al., 1990]) or no place conditioning ([Acquas 
et al., 1989], [Carboni et al., 1989], [Clarke and Fibiger, 1987], 
[Rogers et al., 2004], [Shoaib et al., 1994] and [Shram et al., 
2006]). Some potential factors that might explain the inconsis-
tent results include age and strain of the rat, pre-exposure to nic-
otine, and use of a biased versus unbiased procedure (see LeFoll 
and Goldberg (2005) for a more detailed review).
Importantly, a majority (ca. 70%) of the published reports of 
nicotine place preference have used a biased design (see LeFoll 
and Goldberg, 2005). In a biased design, rats are initially given 
at least one free-choice test before conditioning as a screen for 
initial compartment (context) preference. During the condi-
tioning phase, nicotine is then paired with the initially non-pre-
ferred compartment (i.e., often termed “conditioning against a 
preference”). An increase in time from the pre- to post-condi-
tioning test is considered evidence for reward in a biased de-
sign. Of note, this biased design requires a control that never re-
ceives drug to determine how compartment preference would 
shift as a function of mere exposure to the environment. Fur-
ther, unless a preference ratio (see later) or the time in the un-
paired environment was reported, any increase in time from 
the pre- to post-conditioning test does not necessarily refl ect a 
“preference” for the nicotine-paired compartment. That is, the 
animal might continue to spend more time on its initially pre-
ferred compartment, but still show an increase in time spent in 
the non-preferred (drug-paired) compartment (see Bevins and 
Cunningham, 2006). Although this shift in preference may re-
fl ect the conditioned rewarding effects of the drug (cf. Cun-
ningham et al., 2003), alternate explanations for the shift in 
preference exist, thus complicating interpretation of any place 
conditioning result using a biased design (e.g., [Bardo and Bev-
ins, 2000] and [Carr et al., 1989]). For example, the change in 
time spent in the initially non-preferred compartment might be 
measuring some anxiolytic or stress reduction property of the 
drug that decreases initial avoidance.
This discussion highlights the need to construct a balanced 
apparatus (i.e., no systematic preferences for either environ-
ment), as well as use an unbiased place conditioning design to 
facilitate interpretation of any results. In an unbiased place con-
ditioning design, assignment of drug-paired environment is in-
dependent of any initial preference. Interestingly, there are very 
few published reports of nicotine conditioning a place prefer-
ence in rats using an unbiased design. Indeed, LeFoll and Gold-
berg (2005) in a recent review of the literature only found 4 
published papers, and these were all from the same laboratory 
(Ashby Jr.). Further, there have only been a few additional re-
ports of a nicotine place preference using an unbiased design 
with rats since this review (e.g., [Forget et al., 2005] and [For-
get et al., 2006]). The doses that produced a place preference 
in these studies (e.g., 0.06–0.21 mg/kg) are within the range of 
doses that others using the same route of administration (SC) 
have found no preference. With this discussion in mind, we 
used a balanced apparatus and an unbiased design in the present 
place conditioning experiments.
To our knowledge, there are no reports of place condition-
ing using intravenous (IV) administration of nicotine. This is 
somewhat surprising given the inconsistent fi ndings using sub-
cutaneous and intraperitoneal injections of nicotine (see Le-
Foll and Goldberg, 2005). Further, self-administration studies 
with rats consistently report that IV nicotine maintains instru-
mental responding over a range of doses (e.g., [Corrigall and 
Coen, 1989], [DeNoble and Mele, 2006], [Donny et al., 1995], 
[Rauhut et al., 2003] and [Shoaib et al., 1996]) indicating that 
IV nicotine has some reinforcing properties. Additionally, IV 
nicotine maintains behavior in a runway model of self-adminis-
tration which combines the approach behavior of the place con-
ditioning model and instrumental response requirement of self-
administration (Cohen and Ettenberg, 2007). Thus, one goal of 
the present research was to examine the ability of IV admin-
istered nicotine to condition a place preference using an unbi-
ased design with rats. We also sought to begin examining some 
of the parameters important for acquisition of this nicotine-con-
ditioned place preference: nicotine dose, number of condition-
ing trials, and temporal relation between chamber exposure and 
nicotine administration. The number of conditioning trials was 
expected to be important given that Pavlovian conditioned as-
sociations ([Pavlov, 1927] and [Wilkinson et al., 2006]), includ-
ing place conditioning ([Brabant et al., 2005] and [Risinger and 
Oakes, 1996]), vary as a function of number of stimulus pair-
ings. We also expected the temporal arrangement between con-
text (end compartment) exposure and nicotine administration to 
be an important determinant of conditioning [for research and 
discussion of this variable (often termed “interstimulus inter-
val”) see Bevins et al. (2005), Burgos and Bevins (1997), Gib-
bon et al. (1977), and Pavlov (1927)]. The interstimulus interval 
can have especially pronounced effects in the place condition-
ing task. In mice, for example, alcohol produces a place pref-
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erence when administered before placement, but a place aver-
sion when it is administered immediately after exposure to the 
context [((Cunningham et al., 1997) and (Cunningham et al., 
2002); for a comparable effect with cocaine see Ettenberg et al. 
(1999)].
2. Materials and methods
2.1. Animals
Forty-fi ve adult male Sprague–Dawley rats (329 ± 2.4 g) 
from Harlan (Indianapolis, IN) were housed separately in poly-
carbonate tubs lined with wood shavings in a temperature- and 
humidity-controlled colony. Rat chow and water were continu-
ously available in the home cage. All sessions were conducted 
during the light portion of a 12:12 h light/dark cycle. Experi-
mental protocols were approved by the University of Nebraska–
Lincoln IACUC and followed the “Guide for the Care and Use 
of Laboratory Animals” (National Research Council, 1996).
2.2. Surgery
Rats were anesthetized with 1 ml/kg ketamine hydrochlo-
ride (100 mg/ml, IP) followed by 0.6 ml/kg xylazine hydro-
chloride (20 mg/ml, IP) (Midwestern Veterinary Supply, Des 
Moines, IA). One end of a silastic catheter was implanted into 
the left external jugular vein. The other end of the catheter was 
fed subcutaneously around the shoulder and exited via a back-
mount just below the scapula. The backmount allowed access 
to the catheter through a metal cannula. Buprenorphine hydro-
chloride (0.1 mg/kg) was injected SC immediately following 
surgery. For the evening and day following surgery, buprenor-
phine (0.5 mg/kg) was available in the drinking water to mange 
post-surgical pain. For the evening of surgery and the follow-
ing 2 days (AM and PM), the catheter was fl ushed with 0.1 ml 
of streptokinase (ca. 8000 Units/ml) dissolved in sterile saline 
mixed with heparin (30 Units/ml; Midwest Veterinary Sup-
ply, Des Moines, IA). The catheter was fl ushed once to twice 
a day for the remaining duration of the experiment with 0.2 ml 
of 30 Units/ml of heparinized saline. Rats were allowed 5 days 
of recovery before the start of an experiment. Catheter patency 
was assessed with a 0.05 ml IV infusion of xylazine (20 mg/ml) 
at pre-established points in the study. This concentration pro-
duces clear motor ataxia within 5 s if the catheter is patent (cf. 
[Bevins and Bardo, 2000] and [Bevins, 2005]). The 37 rats with 
patent catheters were included in analyses. The ‘n’ reported in 
the following sections refl ect the number of patent rats in each 
experiment.
2.3. Apparatus
Place conditioning was assessed in one of two chambers 
with Plexiglas ceiling, front and back walls; the side walls were 
aluminum. Each chamber had two distinct end compartments 
[40 × 16 × 20 cm (l × w × h)] separated by a smaller center 
placement area [6.5 × 15.5 × 19.5 cm (l × w × h)]. Interchange-
able fl oors were used to create the distinct environments. One 
fl oor had approximately 340 holes (1.3-cm diameter) drilled 
into a 16-gauge aluminum sheet. The other fl oor was made of 
1-cm stainless steel rods. Two rods were mounted side-by-side 
on an acrylic base with the following adjacent rod pair sepa-
rated from the next pair by 1 cm. During conditioning, a solid 
aluminum fl oor the same length as that used in the center com-
partment (6.5 cm) was placed in each end chamber nearest the 
wall blocking access to the center compartment. This maneuver 
reduced the novelty of this fl oor on post-conditioning choice 
tests. The experimental room was separate from the colony and 
was illuminated by a red light (40 W).
2.4. Drug
(−)Nicotine tartrate (Sigma, St Louis, MO) was dissolved in 
sterile saline and the pH was adjusted to 7.0 ± 0.2 with a dilute 
NaOH solution. Nicotine infusions were 0.5 ml/kg and all nico-
tine doses are reported as base.
2.5. Experiment 1A: place conditioning with 0.03 mg/kg 
nicotine
2.5.1. Habituation
Rats (n = 8) were attached to PE50 tubing connected to a sy-
ringe and then placed in the center compartment of the place 
conditioning chamber. The prescribed volume of saline was in-
fused manually over 1 s and then the syringe was replaced with 
another syringe of sterile saline and the tubing was cleared of 
solution from the fi rst syringe with 0.1 ml of sterile saline. The 
tubing was then disconnected from the cannula and the rats 
were allowed to freely explore the entire apparatus for 10 min.
2.5.2. Conditioning & testing (4 trials)
Conditioning occurred across 8 consecutive days with one 
session per day. Half of the rats received 0.03 mg/kg nicotine 
on days 1, 3, 5, and 7, and saline on opposite days; the order of 
nicotine and saline was reversed for the remaining rats. During 
a nicotine session, the rat was placed in the paired compartment 
where it received an infusion of nicotine followed by 0.1 ml of 
saline (see Habituation). Confi nement to the paired compart-
ment was 10 min once the tubing was detached from the can-
nula and the chamber ceiling closed. Saline sessions were sim-
ilar to nicotine sessions except saline was infused instead of 
nicotine. Assignment to fl oor location (i.e., rod fl oor on left 
or right) and paired fl oor (i.e., nicotine paired with rod or hole 
fl ooring) was counterbalanced and irrespective of performance 
on the habituation session. Approximately 24 h after the last 
conditioning session was a drug-free (saline) choice test. Rats 
were placed in the center compartment and infused with saline 
as in the habituation session. The tubing was removed from the 
cannula and the rats were allowed to freely explore the entire 
chamber for 10 min.
2.5.3. Additional conditioning & testing (4 more trials)
Beginning the following day, conditioning was continued 
exactly as described above for an additional 4 conditioning tri-
als (i.e., resulting in a total of 8 saline and 8 nicotine sessions). 
The drug-free test was 24 h after the last confi nement and was 
identical to the previous drug-free test.
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2.6. Experiment 1B: place conditioning with 0.01 mg/kg 
nicotine
After establishing that 0.03 mg/kg nicotine administered IV 
conditioned a place preference, we sought to test a lower dose 
of nicotine (0.01 mg/kg, IV). A separate and experimentally na-
ive set of rats (n = 7) was conditioned and tested as described 
for Experiment 1A except 0.01 mg/kg nicotine was used instead 
of 0.03 mg/kg nicotine. All factors were counterbalanced as 
much as allowed by the sample size.
2.7. Experiment 2: role of interstimulus interval
2.7.1. Habituation
Habituation was similar to Experiments 1A and 1B. Rats 
were randomly assigned to the − 10, 0, or + 10 min group. The 
group name denotes the time between the intravenous infu-
sion and placement in the chamber. Thus for habituation, the 
−10 min group (n = 7) was infused with saline and returned to 
the home cage for 10 min before placement in the center com-
partment of the place conditioning chamber. Rats in the 0 min 
group (n = 8) were infused immediately after placement in the 
chamber. This group served as a replication of Experiment 1A. 
The + 10 min group (n = 7) was infused 10 min after placement 
(i.e., immediately after removal from the apparatus).
2.7.2. Conditioning & testing (4 trials)
Conditioning proceeded in a manner similar to Experiment 
1A. Each infusion (saline and 0.03 mg/kg nicotine) was ad-
ministered at the time point denoted by group assignment (i.e., 
− 10, 0, or + 10 min). The drug-free-choice test was identical to 
the previous experiment.
2.7.3. Additional conditioning & testing (4 more trials)
As in Experiment 1A, conditioning was continued for an ad-
ditional 4 conditioning trials before conducting another drug-
free test.
2.8. Dependent measures
For each choice test, we calculated a preference ratio us-
ing the following formula: time spent in the nicotine-paired 
compartment ÷ (time spent in the nicotine-paired compart-
ment +time spent in the unpaired compartment). A preference 
ratio of 0.5 indicates no preference for either end compartment; 
a preference ratio greater than 0.5 indicates a preference for the 
paired compartment. Time in each compartment was scored 
during the test sessions. A rat was considered in a specifi c com-
partment when its front paws, head, and shoulders were in that 
compartment. Table 1 shows the mean time spent in the paired, 
unpaired (saline), and center compartments across the three ex-
periments. Horizontal activity in each end compartment was 
also scored during each of the test sessions by counting the 
number of times the head and shoulders of the rat crossed a line 
that bisected each end compartment. Interobserver reliabilities 
for each measure was conducted from video by an observer na-
ïve to the experimental conditions. The Pearson-product mo-
ment correlations were high for the 66 observations made by 
both observers for time spent in each compartment, r = 0.93, 
p < 0.001, and for the 60 observations in common for line 
crosses, r = 0.97, p < 0.001. 
2.9. Data analyses
One-way repeated measures ANOVAs were used to exam-
ine preference ratios across the 3 test sessions (habituation, 4 
conditioning trials, and 8 conditioning trials) for Experiment 
1A and 1B. A mixed two-way ANOVA with Session as the 
within-subject repeated factor and Interstimulus Interval as the 
between-subjects factor was used to analyze preference ratios 
for Experiment 2. Post-hoc analyses prompted by a signifi cant 
F-value utilized one-sample t-tests to compare each preference 
ratio to a hypothetical value of 0.5 (i.e., the value indicating no 
preference). For analyses, activity counts were converted to a 
rate measure by dividing the number of line crosses in an end 
compartment by the time in seconds spent in that end compart-
ment. A two-way ANOVA with Compartment and Session as 
the within-subject repeated measures factors was used to ana-
lyze activity data in Experiment 1A and 1B. Activity from Ex-
periment 2 was analyzed using a mixed three-way ANOVA 
with Compartment and Session as repeated within-subject fac-
tors and Interstimulus Interval as the between-subjects factor. 
A signifi cant interaction for activity data prompted post-hoc 
Fisher’s Least Signifi cance Difference (LSD) tests. Compari-
sons were limited to those relevant for the signifi cant interac-
tion. Statistical signifi cance was declared using a two-tailed re-
jection region of 0.05.
Table 1. 
Mean time (seconds) in each compartment of the chamber during each drug-free test (± 1 SEM) 
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3. Results
3.1. Experiment 1A: place conditioning with 0.03 mg/kg 
nicotine
Preference scores on each of the drug-free tests are shown in 
Figure 1A. There was a main effect of Session, F(2,14) = 4.07, 
p = 0.04. The preference ratios for habituation and 4 condition-
ing trials were not different from 0.5, ts < 1. However, 0.03 mg/
kg nicotine administered IV was able to condition a place 
preference after 8 conditioning trials as indicated by a prefer-
ence ratio signifi cantly above 0.5, t(7) = 2.93, p = 0.022. Ac-
tivity scores are shown in Table 2. Although the main effect 
of Compartment and Session for activity were not signifi cant, 
Fs ≤ 2.32, ps ≥ 0.17, there was a Compartment × Session inter-
action, F(2,14) = 4.80, p = 0.026. None of the follow-up Fish-
er’s LSD comparisons were signifi cant (LSD = 0.08). 
3.2. Experiment 1B: place conditioning with 0.01 mg/kg 
nicotine
Preference scores for rats conditioned with 0.01 mg/kg nic-
otine are shown in Figure 1B. There was no main effect of Ses-
sion, Fs < 1, indicating that 0.01 mg/kg nicotine administered 
IV did not produce a place preference after 4 or 8 condition-
ing trials. None of the F-values for activity were signifi cant, 
Fs ≤ 2.71, ps ≥ 0.11, (data shown in Table 2).
3.3. Experiment 2: role of interstimulus interval
Preference scores across the test sessions are shown in Fig-
ure 2. A mixed ANOVA on the preference scores revealed a 
main effect of Session, F(2,38) = 5.98, p = 0.006, and Group, 
F(1,19) = 6.05, p = 0.009; the Session × Group interaction was 
not signifi cant, F < 1. Follow-up analysis indicated that prefer-
ence ratios were signifi cantly above 0.5 after 8 conditioning tri-
als for the −10 min group, t(6) = 2.84, p = 0.029, and the 0 min 
group, t(7) = 4.73, p = 0.003, denoting that these temporal rela-
tions produced a place preference after 8 conditioning trials. No 
other preference ratio differed from the hypothetical value of 0.5, 
ts ≤ 1.67, ps ≥ 0.14. For activity, the Compartment × Session 
interaction was signifi cant, F(2,36) = 5.45, p = 0.01; the main 
effects and remaining interactions for activity were not signifi -
cant, Fs ≤ 3.06, ps ≥ 0.08, (see Table 2). None of the follow-up 
Fisher’s LSD comparisons were signifi cant (LSD = 0.15). 
4. Discussion
We found that intravenously administered nicotine (0.03 mg/
kg) conditioned a place preference after 8 conditioning trials. 
This conditioned preference was observed whether nicotine was 
infused 10 min or immediately before placement in the paired 
Table 2. 
Mean activity counts per second in each end compartment during each drug-free test (± 1 SEM) 
Figure 1. Panel A shows for each test session the mean preference ratios (+ 1 
SEM) for rats (n = 8) in Experiment 1A that were conditioned with 0.03 mg/
kg nicotine administered IV. Panel B shows the mean preference ratios (+ 1 
SEM) for rats (n = 7) in Experiment 2A that were conditioned with 0.01 mg/
kg nicotine administered IV. indicates signifi cant difference (p < 0.05) com-
pared to hypothetical value of 0.5 (i.e., no preference). 
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context for 10 min. Infusing nicotine immediately after removal 
from the paired context did not produce place conditioning. At 
the 0.03 mg/kg dose of nicotine, 4 conditioning trials were not 
suffi cient to condition a preference regardless of the interstim-
ulus interval. Finally, the 0.01 mg/kg dose of nicotine when in-
fused immediately upon placement in the environment did not 
condition a place preference after 4 or 8 conditioning trials.
For our initial attempt (i.e., Experiment 1A) we selected a 
dose of nicotine (0.03 mg/kg) that has been shown to maintain 
self-administration in rats across many laboratories (e.g., [Bev-
ins, in press], [Corrigall and Coen, 1989], [DeNoble and Mele, 
2006], [Donny et al., 1995], [Rauhut et al., 2003], [Shoaib et 
al., 1996] and [Cohen and Ettenberg, 2007]). Although there 
are some notable differences between what processes might be 
under investigation in place conditioning versus self-adminis-
tration, there is also signifi cant overlap in the list of drugs that 
will condition approach behavior and maintain instrumental re-
sponding (see Bardo and Bevins, 2000). Of note, this self-ad-
ministered dose of nicotine required 8 conditioning trials to 
condition a place preference — 4 trials was not suffi cient. This 
result is in concordance with those recently reported by Cohen 
and Ettenberg (2007). A conditioned increase in run speed down 
a straight alley was observed with 0.03 mg/kg nicotine IV and 
this increase appeared after more than 6 conditioning trials.
The lack of a nicotine-conditioned place preference after 4 
trials was predicted by a casual observation made during the ex-
periment. That is, rats were consistently defecating on the fi rst 
few trials, with most stopping by the third conditioning trial. 
This observation was highly salient to us given that rats in our 
laboratory do not defecate to this extent in this apparatus when 
given cocaine or amphetamine. The defecation might be a result 
of the peripheral actions of nicotine which has been shown to 
stimulate intestinal smooth muscle and increase fecal pellets in 
rats (Aikawa and Ohmori, 2000). Alternatively, defecation has 
been used as a measure of fear and aversion (cf. [Bevins et al., 
1997], [Fanselow, 1986] and [Hunt and Otis, 1953]) and sug-
gested to us that the earlier exposures to nicotine might have 
some of these qualities (cf. Parker and Carvell, 1986). Such 
qualities could compete with any early rewarding effect of nic-
otine thus preventing acquisition of a conditioned place prefer-
ence. Although we understand the possible diffi culties with de-
riving conclusions from such observation, we felt that it was 
important to report this observation since it provided part of the 
impetus for conducting an additional four conditioning trials.
This observation also provided the impetus for assessing the 
lower dose of nicotine (0.01 mg/kg) in Experiment 1B. This 
dose of nicotine is on the lower end of the dose–effect curve 
that can maintain self-administration (e.g., Rauhut et al., 2003). 
Thus, we were looking for a dose that might not evoke early 
defecation, but have some rewarding effects. The 0.01 mg/kg 
dose of nicotine did not produce the early defecation nor did 
it condition a place preference. Notably, this dose of IV nico-
tine did not condition an increase in running speed in the Co-
hen and Ettenberg (2007) study even after 21 trials. Thus, un-
der the present set of experimental parameters we found no 
evidence for reward at the 0.01 mg/kg dose. Additional manip-
ulations such as more conditioning trials and briefer chamber 
exposure with this lower dose of nicotine will be of interest in 
future studies.
There is a substantial Pavlovian conditioning literature indi-
cating the importance of the temporal arrangement between the 
to-be-conditioned stimulus and the reinforcer (unconditioned 
stimulus) for acquisition of conditioned responding. The con-
ditioning tasks demonstrating the importance of the interstim-
Figure 2. Panel A shows the mean preference ratio (+ 1 SEM) for the habit-
uation phase of Experiment 2 for rats that were assigned to groups −10 min 
(n = 7), 0 min (n = 8), and +10 min (n = 7). Panel B shows the mean prefer-
ence ratio (+ 1 SEM) after 4 conditioning trials for each group in Experiment 
2. Panel C shows the mean preference ratio (+ 1 SEM) for each group after 8 
conditioning trials. * indicates signifi cant difference (p < 0.05) compared to 
hypothetical value of 0.5 (i.e., no preference). 
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ulus interval have been as varied as eye-blink conditioning in 
humans (McAllister, 1953), aversive conditioning in gold-
fi sh (Bitterman, 1964), key-peck autoshaping in pigeons (Gib-
bon et al., 1977), context fear conditioning in rats (Bevins and 
Ayres, 1995), nicotine-conditioned hyperactivity in rats (Bev-
ins et al., 2005), and ethanol place conditioning in mice (Cun-
ningham et al., 1997). The present research extended this list 
to include place conditioning with IV administered nicotine. In 
brief, 0.03 mg/kg nicotine administered immediately or 10 min 
before confi ned exposure to the paired environment for 10 min 
conditioned a place preference after 8 conditioning trials. IV 
administration of nicotine immediately after removal from the 
paired compartment (i.e., −10 min group) had no apparent ef-
fect on choice behavior after 4 or 8 conditioning trials (i.e., no 
approach or avoidance tendencies). This data pattern suggests 
that the rewarding effects of IV nicotine extend long enough 
that there is suffi cient temporal contiguity between the to-be-
paired compartment and nicotine to condition an appetitive 
association.
Interestingly, under some experimental protocols the in-
terstimulus interval can reveal different motivational proper-
ties of the same drug. For example, alcohol (2 g/kg, 20% v/v) 
given IP to mice conditioned a place preference when adminis-
tered before placement in the paired context, but the same dose 
conditioned an aversion when administered immediately af-
ter exposure to the context [Cunningham et al. (1997); see also 
Ettenberg et al. (1999) for research with cocaine]. Although we 
did not fi nd evidence for this dual property/opponent process 
for nicotine in the present study, it will be of interest to examine 
different doses on IV nicotine against different interstimulus in-
tervals, context confi nement durations, etceteras.
As noted in the Introduction, much of the nicotine place con-
ditioning research demonstrating a place “preference” has used 
a biased design (i.e., nicotine paired with an initially identifi ed 
non-preferred compartment). Unfortunately, using a biased de-
sign introduces alternative non-reward explanations for prefer-
ence shifts such as stress reduction or anxiolytic effects of the 
drug ([Bardo and Bevins, 2000], [Carr et al., 1989] and [Bev-
ins and Cunningham, 2006]). To avoid such diffi culties, the 
present research used an apparatus with balanced construction 
and an experimental design that was unbiased. As evidence of 
the balanced construction of our place conditioning apparatus, 
rats (n = 37) averaged across the three experiments in the pres-
ent study spent 260.9 ± 8.8 s on the rod fl oor and 251.8 ± 7.4 s 
on the hole fl oor during habituation. By assigning rats to paired 
versus unpaired environment irrespective of their performance 
on the habituation day, the shifts in preference for the paired 
compartment at the 0.03 mg/kg dose of nicotine are less suscep-
tible to non-reward interpretations.
Related to the previous discussion, some researchers have 
suggested that differential patterns of locomotor activity be-
tween the drug-paired and unpaired environments on the test 
day could complicate interpretation of a place conditioning ef-
fect (e.g., [Parker, 1992] and [Swerdlow and Koob, 1984]). This 
potential interaction could be important for the present research 
given that an environment reliably paired with nicotine admin-
istered SC comes to evoke a conditioned increase in activity on 
a drug-free test (e.g., [Bevins et al., 2001], [Bevins et al., 2005] 
and [Walter and Kuschinsky, 1989]). To assess a possible role 
of motor activity, we scored line crosses in each end compart-
ment across all free-choice test sessions. Although there was a 
Compartment × Session interaction in each experiment show-
ing place conditioning, the post-hoc analyses did not reveal any 
signifi cant differences in activity. Further, any trend seen in the 
mean activity scores was the opposite of that expected if con-
ditioned hyperactivity was evident. That is, rats were slightly 
more active in the unpaired compartment relative to the paired 
compartment. Thus, an account of our nicotine place condition-
ing results with 0.03 mg/kg nicotine based on conditioned alter-
ations in motor activity seems unlikely.
Given the discussion in the previous paragraphs, we sug-
gest that 0.03 mg/kg IV nicotine has rewarding effects that are 
readily measured in a place conditioning task. Conditioned as-
sociations and reward processes involving nicotine likely con-
tribute to tobacco use and the tenacity of nicotine dependence 
(e.g., [Bevins and Palmatier, 2004], [Rose and Levin, 1991] 
and [West and Schneider, 1987]). Accordingly, a better under-
standing of these processes will contribute to designing better 
intervention strategies for smoking cessation. With this goal in 
mind, we suggest that the IV nicotine place conditioning pro-
tocol used in the present study might be an especially useful 
model for studying the processes underlying the conditioned re-
warding effects of nicotine. Of course, adoption of such a rec-
ommendation will require replication by other laboratories. This 
replication and hence adoption might be slowed by the added 
technical, temporal, and fi scal burden of catheter surgeries and 
maintenance. 
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